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On April 13, 1994, | forwarded a report, "Estimated Hydrocarbons Emissions of
Phase Il and Onboard Vapor Recovery Systems." Originally, we presented six cases to
estimate the hydrocarbons emissions of Phase Il with and without onboard vapor recovery
system. We have added two cases. The first is onboard vehicles fueling at a service:
station with a Phase |l balance system but without a PV valve. Second, we added a case
where onboard vehicles are fueling in a service station with a Phase Il assist system and a
_processor. Attached is the revised report with an amended date of May 24, 1994.
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Estimated Hydrocarbon Emissions of
Phase Il and Onboard Vapor Recovery Systems

BACKGROUND

In the 1980s the Air Resources Board (ARB) staff prepared three documents (attached)
that are still relevant references today‘. The first document, "Report to the Legislature”,

- contains emissions factors still in use today for dispensing facilities. The second document,

"Docket Comments", contains our comments on the Onboard control regulations proposed
by the U.S. Environmental Protection Agency (U.S. EPA) at that time. The document
supports the contention that evaporative emissions and refueling must be dealt with
separately. Two points mentioned in the Docket Comments bear emphasis:

(1) "We feel that the issue of excessive evaporative emissions is separate from and
should be dealt with separately from fueling emissions. Excessive evaporative
emissions can be effectively controlled with enlarged vehicle canisters and/or fuel
volatility reductions. This can and should be done independently of the decision on
controlling vehicle fueling emissions.” (pp. 1-2)

(2 )"... [1If [Onboard refueling vapor recovery or ORVR] development is pursued it
should be compatible with Phase Il systems so that our California program will not
be adversely affected and progress in other states will not be retarded.” (p. 2)

The third document, "California Perspective", contains a strategy for coordinating efforts
for hydrocarbon reduction using vapor recovery and evaporative controls, which connect to
Onboard controls. . :

INTRODUCTION

Compatibility of Phéée Il and Onboard vaporA recovery systems is still a crucial issue today,
especially in light of the recent promulgation of U.S. EPA regulations requiring Onboard

controls. :

T The references, in order of publication, are:

"A Report to the Legislature on Gasoline Vapor Recovery Systems for Vehicle
Fueling at Service Stations (Phase Il Systems)"; California Air Resources Board;
March 1983 (referred to as "Report to the Legislature").

"Comments on ‘Evaluation of Air Pollution Regulatory Strategies for the Gasoline
Marketing Industry’”, Docket #A-84-07; California Air Resources Board; November
13, 1984 (referred to as "Docket Comments").

"California Perspective on Controlling Gasoline Evaporative Emissions”: California
Air Resources Board; March 1986 (referred to as "California Perspective").
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The magnitude of hydrocarbon emissions can be estimated using empirical data,
assumptions, and calculations based on model cases. We have developed a comparison of
eight cases and operating conditions to illustrate the effects of using Phase Il and Onboard
technologies.

We have added two cases since the first edition published April 12, 1994; the added cases
are Cases 4A and 5B, discussed below.
¢

ANALYSIS

Nine figures, illustrating the basis f'or the eight cases in the table, are attached. The figure
titled "All Cases" shows the features common to all eight cases. The titles for the other
figures are "Case 1", "Case 2",

All Cases:

All cases are analyzed for transfer and fugitive emissions, ignoring the effects of Phase |-
operations (emissions occurring when a cargo tank fills the underground storage tanks of
the service station). Transfer emissions are assumed to occur only at the nozzle/fill-pipe
interface (referred to simply as the "interface" below). "Fugitive emissions” is a collective
term for emissions from the vent or any other leak path to the atmosphere at the
dispensing facility, notably including the cargo tank fittings and dispenser plumbing.

All cases are based on a hot, summer, mid-day at a facility with a maximum allowed leak
rate (a station which just passed a pressure decay test). Along with this general set of -
assumptions, each case is based on a set of additional specific assumptions which affect
the calculated emissions estimates. Some alternative assumptions will be discussed, but
only to explain the effects of the assumptions chosen. Other cases are beyond the scope
of this report, which is to draw attention to problems and solutions for Phase |l and
Onboard compatibility issues.

As shown in the legend under the "All Cases" title, each case will be analyzed with
specific assumptions about the presence or absence of the following dispensing facility and
vehicle features, which will be explained in the discussion of the individual cases:

Phase It (____ balance ____assist)

(+3/-8) "WC Vent Valve

Onboard

"Smart” Interface and Vent Valve?

Every case with Onboard vehicles assumes that 100% of the vehicles refuelmg at the
dispensing facility are Onboard vehicles.

2 »Smart Interface and Vent Valve" is currently just an engineering concept in which a
nozzle/fillpipe interface, based on commercial technology, allows the vapor recovery system
to "sense" an Onboard vehicle and activate valves to limit air ingestion by the storage tank.
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The schematic static pressure gauge in each casé shows a typical storage tank pressure,
given the assumptions. Such a pressure will not occur 100% of the time, and refinements
of these estimates depend on further assumptions about the full correlation of pressure
versus time for each case.

Summary of Cases 1 through 6

Important aspects of Phase Il and Onboard and their interactions are summarized below.
Detailed analyses of each case follow the summary.

Cases 1 bthrough 3: No Onboard

When dispensing occurs to a conventional vehicle (Cases 1, 2, and 3), vapors are
displaced out the fill-pipe. These cases represent the current situation in California
(no Onboard vehicles and fueling at service stations without Phase Il or at service
stations with Phase ll). '

For Cases 1 and 2, although the vent pipe is open and with no pressure/vacuum
(P/V) valve, the storage tank pressure is shown slightly positive because the vapors
in the vent pipe are more dense than the air outside. The twelve feet of vent pipe
above grade gives a pressure of 0.24 "WC at grade for a 30% concentration of
gasoline vapors with an assumed molecular weight of 65.

For Case 3, the vent pipe has a P/V valve, and the nozzle vapor return line is
‘check-valved to prevent the vapors in the tank from escaping to the atmosphere in
between fuelings. The balance nozzle is assumed to provide an effective valve at

the interface seal. For the conditions assumed, an air/vapor mixture (which is
relatively warmer and richer in hydrocarbons) is returned to the alr/vapor mixture in
the storage tank (which is relatively cooler and leaner in hydrocarbons). Both
condensation and thermal contraction reduce the specific volume of the air/vapor
mixture in the storage tank. This dynamic process maintains a negative gauge
pressure on the storage tank as shown on the schematic gauge.

Case 1 represents a service station without a Phase Il system. Vapors are emitted
at an emission rate of 8.4 pounds of hydrocarbon per 1,000 gallons (8.4 #/E3G) of
liquid dispensed and represent 100% of uncontrolled transfer emissions. Fugitive
emissions are estimated as 0.84 #/E3G.3

Cases 2 and 3 represent service stations equipped with Phase Il systems in which
95% of the transfer emissions are recovered and returned to the storage tanks.
Case 3 differs from Case 2 by the addition of a pressure/vacuum (PV) valve on the

3 Report to Legislature has 10.0 #/E3G transfer and 1.0 #/E3G fugitive. The 10.0
~value has been reduced to 8.4 due to Bay Area Air Quality Management District
(BAAQMD) field data subsequent to California regulations for lower RVP. For consnstency,
the fugitive emission value has been changed to 0.84.
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vent pipe The PV valve is a requirement in the proposed revisions to vapor recovery
certification and test procedures.*

Cases 4A and 4B through 6: Onboard and Phase Il Interactions

When dispensing occurs to an Onboard vehicle (Cases 4A, 4B, 5A, 5B, and 6),
vapors are displaced to the Onboard canister. We will assume the Onboard system
collects 95% of the transfer emissions. We assume here that the 5% lost is due to
canister overflow and is thus not available to be recovered by Phase li. Vapors go to
the vehicle canister and so do not return to the storage tank to balance its liquid
volume lost. Because of this, air will enter the storage tank through the vapor return
plumbing or system leaks unless appropriate technology is used.

Case 4A represents an Onboard vehlcle fueling in a service station equipped with
the current Phase Il balance system5. Case 4A shows the vent pipe in its most
common configuration in California. There is no P/V valve and there is no "smart”
_valve at the station to sense if the vehicle has an Onboard system. The fugitive
emissions value for Case 4A is the same as for Case 1, which has no Phase |l
system. Because the Onboard canister takes the returned vapors in Case 4A, the
liquid volume lost from the facility storage tank is not replaced by a blanket of
saturated vapor; instead, air is drawn down the vent pipe, just as in Case 1. .

Case 4B is similar to Case 4A, except that emissions are controlled by a Phase Il
balance system with a P/V valve. The interval between the pressure and vacuum
settings can act as a buffer for pressure, volume, and temperature surges. This is
because the air which is pulled into the system (when the Onboard system re-routes
return vapors to the vehicle canister) enters the system through the P/V valve and

4 For Case 2, 95% control of 8.4 #/E3G results in 0.42 #/E3G total emissions. The
report to the Legislature has Phase Il controlling 90% of the vent pipe fugitive emissions.
For Case 2, 90% reduction is assumed to apply to the 0.84 #/E3G assumed for Case 1,
yielding fugitive emissions of 0.084 #/E3G, which is rounded to 0.08 #/E3G fugitive
emissions. The transfer emissions are then 0.34 #/E3G (the difference of the total
emissions minus the fugitive emissions). -

At the March 29, 1994 fugitive emissions workshop held by ARB s Compliance Division,
Aeroenvironment, contracted by the Western States Petroleum Association (WSPA), tested
Phase |l balance systems without and with P/V valves. ARB staff have witnessed the test
and have discussed preliminary results with other experts. Based on such data and
discussions, ARB staff believes that 0.02 #/E3G is an appropriate estimate of fugitive
emissions for Case 3; the total emissions are then 0.36 #/E3G (the sum of the transfer
emissions for Case 2, 0.34 #/E3G, plus the fugitive emissions for Case 3, 0.02 #/E3G).

5 The balance system relies on the pressure differential between the vehicle fuel tank
and underground storage tank during refueling to remove the vapor from vehicle fuel tank.
This system needs a tight seal at the fill-pipe and nozzle mterface to prevent vapors from
escaping into the atmosphere. :
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12 feet of vent pipe®. This may or may not suffice to provide an equilibration buffer
against further fugitive emissions. Further study is needed involving actual Onboard
vehicles at actual dispensing facilities with P/V valves. In the interim, the fugitive
emissions value for Case 3 is retained.

Cases 5A and 5B represent an Onboard vehicle fueling in a service station equipped
wuth a current Phase |l assist system’. As with Cases 4A and 4B, the station has
no "smart” valve. In Case 5A and 5B for an assist system, we have assumed that
air will be pulled through the assist pump and pushed into the system vapor space.
We assume that (unlike in Case 4B, where the equilibrium could buffer surges in the
vent pipe) the liquid/vapor equilibrium will increase the system gauge pressure.

For Case BA, calculations based on this assumption are given below in which the
liquid/vapor equilibrium drives out fugitive emissions representing an efficiency loss
of 35% of the uncontrolled transfer emissions; this yields a net efficiency loss of
30% of the uncontrolled transfer emissions compared to Case 3.

For Case 5B, the assumption of a 99% efficient vapor processor controlling fugitive
emissions yields a total efficiency close to the total efficiency for Case 3.

The assumptions used in the calculations apply to the most common types of Phase
Il assist systems evaluated by ARB staff to date. Revised designs and new .
certification tests may justify assumptions which yield lower fugitive emlssmns for
such assist systems.

Case 6 shows the ideal situation after new technology is developed for a "smart"
" interface between the nozzle and fill-pipe. Ideally, this yields nearly complete control
of transfer and fugitive emissions.

Detailed Analyses of Cases 1 through 6
Case 1

 Case 1 shows estimates of fugitive emissions and transfer emissions for dispensing
with no air pollution controls, no Phase Il and no Onboard. The transfer emission
factor of 8.4 #/E3G is based on recent data for lower vapor pressures of newer fuel
blends. :

The fugitive emission factor of 0.84 #/E3G is due to air entering the storage tank
via the vent pipe. The liquid/vapor equilibrium drives out fugitive emissions equal to
about 12% of the uncontrolled transfer emissions. The emission factor due to

8 It is assumed here that all air enters through the vent pipe. The validity of this

assumption depends on the pressure integrity of the dispensing facility.

7 Assist system uses a pump to draw the vapor from the vehicle fill-pipe during fueling.
This eliminates the needs for a tight seal at the fill-pipe and nozzle interface. Although less
common and not shown, some assist systems: place the assnst pump at the top of the vent
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equilibrium drive is less than in Case 5A, where it is estimated to be 2.9 #/E3G,
about three times as high. E ,

The difference in these fugitive emission factors is due to the difference in the path
of entry through which air enters the storage tank:

(1) In Case 1, air enters through the open vent pipe and travels sixteen
vertical feet before entering the storage tank proper. On the way, the
liquid/vapor equilibrium drives a vapor/air mixture back up the vent
pipe. Equilibration can occur in the vent pipe rather than in the
vapor/air mixture saturated with hydrocarbon vapor at underground
tank conditions. '

In this case, equilibration does not necessarily force vapor/air mixture
back out of the vent pipe and any other leak paths; instead the
amount of air entering the system can be reduced. :

(2) In Case 5A, air enters through the open, check-valved vapor return
line at the nozzle and travels only six vertical feet before entering the
storage tank proper. This is significantly different than the cases for
balance systems, where any air enters through the vent pipe and
must travel sixteen vertical feet to reach the storage tank. When
liquid dispensing terminates, the vapor return valve closes so that
equilibrium processes cannot drive the resulting vapor/air mixture

- back up the vapor return line. It is this mixture at the equilibrium
concentration that is displaced from the vent pipe valve and any other
leak paths by the equilibrium process when positive gauge pressure
occurs in the facility vapor space.

In this case, equilibration forces vapor/air mixture back out of the vent ,
~pipe and any other leak paths. The amount of air entering the system
can not be reduced because air is forced (by a pump across a check
valve) into the vapor/air mixture saturated with hydrocarbon vapor at

underground tank conditions.

The facility static gauge pressure in Case 1 is only slightly positive due to the
column of vapors in the vent being denser than air.

Case 2

Case 2 shows estimates of fugitive emissions and transfer emissions for dispensing
with Phase Il control, no vent valve, and no Onboard. The transfer emission factor
of 0.34 #/E3G is based on recent data for newer fuel blends and 95% transfer
efficiency.®

& The efficiency is based on the difference of the amount of transfer emissions
. collected minus the amount of fugitive emissions divided by the potential emissions from

the refueling displacement. In this case, the equation is: L
: (8.4 - transfer emissions) - fugitive emissions x 100%

8.4
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Compared to Case 1, the fugitive emission factor has dropped from 0.84 to

0.08 #/E3G. This is because the storage tank is blanketed with return vapors rather
than air. As a result, equilibrium processes do not displace fugitive emissions.
Diffusion and wind driven convection still account for non-zero fugitive emissions
through the open vent plpe

Once again, the facnhty static gauge pressure in Case 2 is only slightly posmve due
to the column of denser- than-air vapors in the vent.

Case 3

Case 3 shows estimates of fug:twe emissions and transfer emissions for dispensing
with Phase Il control, with a (+3/-8)"WC vent valve, and no Onboard. The transfer
emission factor of 0.34 #/E3G is the same as Case 2.

Compared to Case 1, the fugitive emission factor has dropped from 0.84 to
typically 0.02 #/E3G. This is because the vent valve only allows the ingestion of air
at negative gauge pressure and the positive gauge valve function limits diffusion
and wind driven convection compared to an open vent pipe. A gravity- or
spring-loaded vent valve is assumed here. Such valves, by design, do not achieve a
complete seal when closed. Hence the 0.02 value rather than 0.00.

The facility static gauge pressure in Case 3 typically shows a negative reading due
to the condensation of the warmer, richer vapors ingested from the vehicle tanks.
Such vapors condense to the cooler, leaner equilibrium conditions in the storage -
tank. -

Cases 4A and 4B

Case 4A shows estimates of fugitive emissions and transfer emissions for
dispensing with balance type Phase Il control and a vehicle with Onboard
technology. The transfer emission factor of 0.42 #/E3G is based on the assumption
that the Onboard technology has 95% efficiency. The fugitive emission factor is
unchanged from Case 1, which has no Phase Il system; the Phase |I balance system
in Case 4A cannot function as designed because vapors can not return to the
storage tank.

Case 4B shows estimates of fugitive emissions and transfer emissions for
dispensing with balance type Phase Il control, with a (+3/-8)"WC vent valve, and a
vehicle with Onboard technology. The transfer emission factor of 0.42 #/E3G is
based on the assumption that the Onboard technology has 95% efficiency. The
fugitive emission factor is unchanged from Case 3 as a gravnty- or spring-loaded
vent valve is still assumed. All fugitive emission control is assumed to be due to the
P/V valve; the Phase Il balance system in Case 4B can not functlon as designed
because vapors can not return to the storage tank '

Cases 5A and 5B

Cases 5A and 5B show estimates of fugitive emissions and transfer emissions for
dispensing with assist type Phase Il control, with a (+3/-8)"WC vent valve, and a
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vehicle with Onboard technology. The transfer emission factor of 0.42 #/E3G again
is based on the assumption that the Onboard technol’ogy has 95% efficiency.

Compared to Case 1, the fugitive emission factor has risen from 0.84 to typically
2.9 #/E3G®. This is due to the forced pumping of air into the underground tank as
{ explained in the discussion for Case 1 above.

The facility static gauge pressure in Case 5A shows a positive reading due to the
equilibrium drive working against closed valves in response to the forced '
introduction of air.

The assumptions and calculation supporting the fugitive emission factor estimate of
2.9 #/E3G are provided below:

Assume

(1 the concentration of fugitive emissions is 6.77 pounds of hydrocarbon
per 1000 assuming:'°

(a) 30% equilibrium hydrocarbon concentration

(b) average molecular weight of 65 for hydrocarbons
(C4.5)

(2)  the concentration of fugitive emissions depends on a dynamic
equilibrium affected by several independent variables, including, but
not limited to:

® The term, 2.9#/E3G, assumes that there are no hydrocarbon processors such as an
incinerator, carbon bed adsorber, and chiller at the vent stack to reduce hydrocarbon
emissions. The use of a processor would reduce emissions at an assumed efficiency of

99% as shown in Case 5B.

10 Pressure integrity testing has shown that pressurization by equilibrium
processes is measurable within minutes. The 30% concentration assumption is a typical
mid-range value for field sampling and analysis by ARB and BAAQMD staff. For
comparison, the nomograph in AP Bulletin 2513 (February 1959, Appendix 5, page 43)
provides a "book value" of 29.1 % for a 7.8 RVP gasoline at 65 °F. The typical carbon
number of 4.5 is from BAAQMD staff work with field samples The value 6.77 is
calculated as follows:

oo (658 HC) L[ #2 1,000 gal\ _ [6.77 # HC)
30%: |1, - ,
T [385 ft3] " [ 7.481 gal] g (1,000 gal ( 1,000 gal
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(a) Reid vapor pressures and temperatures of liquids in the
storage tank and the vehicle tank’

(b) ratio of the volume of air returned divided by the
volume of liquid dispensed

(c) pressure integrity of and convection through the vapor
recovery system

(3) the vehicle tank vapor space volume equi\librates rapidly to
8.4 pounds of hydrocarbon per 1,000 gallons by evaporation or
condensation across the liquid/vapor interface.

Calculate

(1) the volume of fugitive emissions which results from equilibration of
1,000 gallons of ingested air:

Note: The first term below is the ratio of the emitted fugitive volume
divided by the volume of air ingested. The volume fraction of vapor in
the final equilibrated volume at zero gauge pressure is C%. This is the
mole fraction at equilibrium. Consider that the volume fraction of the
ingested air in the final equilibrated volume at zero gauge pressure is
(100% - C%). Now, the volume of vapor/air mixture (at C%) which
will leak to atmosphere is the product of the ingested air volume and
the ratio of the two volume fractions. In the following example,

C = 30.

' ( 30%

T00% = 30%) x 1000 gallons air = 428.6 gallons vapor solution

(2) the mass of fugitive emissions which results from equilibration of
' 1,000 gallons of ingested air:

428.6 gallons luti 6.77 pounds HC = 2.90 pounds HC
g vapor solution x 1000 gallons vapor solution P

11 The measured concentration of the fugitive emissions can be higher than the book

value based only on the Reid vapor pressure and the temperature of the storage tank liquid.
For the case considered, the warmer, richer air/vapor mixture from the vehicle tank is not
returned to the cooler, leaner mixture in the storage tank because we have assumed 100 %
Onboard vehicles. .

9-



(3) the fugitive emission factor due to equilibration of the ingested air
volume per 1,000 gallons of liquid dispensed to an Onboard vehicle:

2.90 pounds HC
1000 gallons dispensed

2.90 pounds HC + 1000 gallons dispensed =

(4) the efficiency loss as percent of uncontrolled transfer emissions:

2.9 pounds . 8.4 pounds _ 36%
1000 galions 1000 gallons

Note: In consideration of the variability in our field values for concentration,
if the concentration is 10% instead of 30%, the results of the two
calculations above are: ‘

(3) 0.25 pounds per 1000 gallons (fugitive emission factor) and

(4)  3.1% (efficiency loss as a percentage of transfer emissions).

For Case 5B, the assumption of a 99% efficient vapor processor controlling fugitive
emissions yields a fugitive emission factor of 0.03 pounds per 1000 gallons and a
total efficiency of 94.7%. -

Case 6

Case 6 shows estimates of fugitive emissions and transfer emissions for dispensing
with Phase Il control, with a (+ 3/-8)"WC vent valve, a vehicle with Onboard
technology, a "smart" interface between the dispensing facility nozzle and the
vehicle fill-pipe, and a solenoid controlled valve on the vent pipe. The transfer ..~
emission factor of 0.42 #/E3G is based on the assumption that the Onboard
technology is 95% efficient.

Compared to Case 1, the fugitive emission factor has dropped from 0.84 to
typically 0.02 #/E3G. This is because the solenoid controlied vent valve only allows
the ingestion of air at negative gauge pressure and the positive gauge valve is not
perfect, but has a small leak.

As in Case 3, the facility static gauge pressure in Case 6 shows a negative reading
due to the condensation of the typically warmer, richer vapors ingested from the
vehicle tanks. Such vapors condense to the cooler, leaner equilibrium conditions in
the storage tank. Compared to Case 3, a much less negative reading is shown for
Case 6 on the assumption that the "smart" interface, described below, will
modulate facility gauge pressure more precisely. :
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Currently, the "smart" interface and vent valve is just an engineering concept;
however it is based on the use of commercial technology. The concept involves a
nozzle spout and vehicle fill-pipe which are fabricated so that a signal is generated
when they come together. One type of signal is generated by an interface with an
Onboard vehicle. Another type of signal is generated by an interface with a
non-Onboard (current type) vehicle. The vapor recovery system closes the vapor
return valve for an Onboard vehicle and opens the vapor return valve for a
non-Onboard vehicle.

This achieves the best combined effect for the simultaneous application of both
Phase Il and Onboard technologies. The vapor recovery system ingests vapor whlle
dispensing to non-Onboard vehicles but does not ingest air while dispensing to
Onboard vehicles.

RECOMMENDATIONS

An emissions summary for all cases is shown in Table 2. The lowest emissions shown for
Onboard cases are for Case 4B (Phase |l balance system, P/V valve, and Onboard) and
Case 6 (Phase |l, "smart" interface and vent valve, and Onboard). As 95% of California’s
dispensing facilities currently are controlled by balance systems, the impact of Onboard
refueling at such facilities appears to be minimal if balance systems retain their
predominance in California. The incompatibility demonstrated between Onboard and some
types of assist systems should be further studied to determine if the smart interfaces or
other means can be used to overcome the problem. -

We recommend that any California regulations concerning Onboard controls be structured
to ensure that Phase |l and Onboard systems are compatible; only Case 4B, 5B and Case 6
show technical compatibility. Our recommendation provides compatibility for a 20 year
phase-in for Onboard vehicles in California and provision for visiting vehicles from the other
49 states if California prohibits Onboard vehicles.

-11-



8V6|LV6|S09|8Y6|0S8|L'G6|066| VN (3ua0 1ad) Aouayy3
YOl SPO|CEE | VPO |9CL|9EO|CVO|VC6 ‘ suoissiwg jejo}
¢0'0i€00:06C:iC¢00:i¥80:C0°0:i80°0:¥80 | suoissiwg aAnibng
ZP0icy0iZv0oiZroiZvoiveE0ivEO} +'8 suoissiw3 13jsuel]
(suojjeb 00OQ’L 42d spunod) suoissiwg
SOA i S9A § SaA i soA i saA u ou ou ou Alanoosy iodep pieoquQ
. ONJBA JUBA
sah i ou ou ou ou ou ou ou pue aoejiaiu| ,lews,
ou i s8A i saA ; soA ou saA ou ou anjeA JUBA DM, (8-/E+)
ou i saA ou ou ou i8wosi ou ou \ 10s$8201d
SaA i S9A i saA ou Ou idwosi . ou ou " 1SISSY
sah i ou ou saA i saA i saA i saA ou aouejeg .
SoA i s9A i soA i soA i saA i saA i saA i ou A1an008Yy JodeA |} aseyd
ou ou ou i ‘ou ou ou ou saA . ~ |RUONIUBAUOYD
suonpuos bunesadQ
9 : ] VS av vy € 4 L __ _ JBquinN ased

swalsAg A1anooay Jodep pieoquQ pue || aseyd
yim Buljonjay woly suoissiwig

jo sajewn)sy jo Arewwuns

-12-



Vﬁmzn&m:“ sz:m.m 000} dwnd . A Kluoswaighs 35)98%e,
Jod poqgjuz oH epunod pinbiy
=(oga/#)
‘gdoqoe Uojsgiilg 94NS59.4
k ,
oBeaose Julute
1948jUBD . jues _“o\ng_e:u pinbyy &
pieoquQ 2]91494 \
. pauangal — |
£ L-X s0dea sbu|11is
Jueqobieo
- dwnd joseyd
i6is58,
2|zzou
J2suads|p 2u9a
(oc/# ) , <
SU0|SS|UT J2jsuBl| //o'%; X

(oczt —)

Suo|sg|WT 9A1316N4




suo|sg|u A131Pn4

- pesuads)p suojjsf 000} dwnd P
. dod pagapuz 91 spunod T~ pinbi
=(ogy#) |
re1030P- Holssilig 24nsg9.
u%h;ﬂﬁc | Owu.ﬂn_.m P
Juesg W:&.&?.:E_ ) :
2191424 ﬁ -

sbuiaay

juegobueo

|98eyd

2|zzou
J9guadsip 2494
(og3/#+'g)
m:ommm__‘:m;@.&cﬂ.ﬁ.
(o¢art +a0)




24ns69.
oeis

pasuadsip suoysb 000 dwnd
J2d paqapuio 14 mv:zoh mw pInbyy
=(oca/t)
6409984 U0|SGIUI T ‘
L LLE
90rva049
posuads|p pinby| &
yjueq \\
S a pIuingad ]
Jodea
2jzzou
a9gusds(p 2u2a
(ogar#+eo)
SUO|SS|WIT J9jsued] N
(ogart go0)
suo|ss|z 9A13Pn
(oca/ero)

suolssiug Waishg

%046

Rougoyya waqshsg

80u|a31y
juegobipo,

1988Yd




v«mz&mﬁmzs\% Q.QQM _
Jod paqgjuz 91 spuno
=(ogu/t)

!8104964 U0|5GIIT

pasuadeip pinby

yues

2121494 \Nw

9|zzou

a12guadsip

(o¢a/#+<0)
suo|gsig J9jsued|

(oga/#9¢0)
suojse|ug waiskhs

%L'S6

Rougioyyg weqshs

dwnd (]
T pinbiy
, 2uNgsai
J S ULEY , |
9beioge O_PNPQ
+ -
) 0
pauangod —
Jodwa gbuiagly
Jueg 06480
RELLTP
quaa |l
aajea [ /////////(\\\\\\\\\

™~

(oca/# 200)
SU0|5S|W] 9A136N




pasuads|p suoyeb 000! dwnd ‘ y
Jod paaajwe 94 spunod J pinbi
=(oga/k)
640308 UOJ5S|U _, 2NGso.
| ofesnse | A Jutte;
19981U8 - pesuadsip pinby %K ﬁ Q
pieoquQ 2191424
pouangal o
sodea sbu1a31y
Jueqobieo
1288Yg

Joguada|p Juva
(ogu/# 2v'0) , ,
Rousioa 3ANO %66 <
2ol BTN N
(ot +0)
Suo|sg|lg 9A116N
(ogarozt)
suojssiug Waishs
%0'Gg8

Rouaoyy wagshs




poouadaip suoyeb 0001 t dund ‘ y

4od poagjuz oy spunod pinbi]
=(og¥)
8l0q1o0B4 UoISSILU SRR
* m oo 24Nnssai
V .
_ oovioas operg
4248jug)H yuwq _qu.a:umo_-n-u_:f__ & i
pigoquQ 2121424
pouangaa ]
Jo0dea P
juezobies
ELLIY

J2suadsip

(ogy/#2v0)
Aouzioysd JANO %66

- suolgglg Jajsued|

(ogam z00)
guo|se|uz 9A12|BN

(o¢3/# 0 )

suolssiug washg
%9Ye

Rougioysq weqshg




pasuadsip suojjgf 000! dund y
4od pagapue o spunod Y7 pinby
=(ogI#)
6104984 U0|SG|UIT oinssa
oBeions o1e1g
. yuwa .8\23%% piabyy %L —
pigoquQ 2191424 ﬂﬂ
pouingod . _|
. aodea gbujasis
: jueq0baeo
dwund |2s8YY
36|66¥

dosuads|p

(oca/zro)
Aouziogsd JANO 466
suojss|lg Jojsued] -

- (9gu# 0672 ) 4osevood anoygm

3

oA

N

uoa

18A _M.ﬁ”_<

suojgsiug 9A|31bn

(oga/# 2e¢)
suolss|g Waqshg.
%G 09
Rougioyyg wagshg




posuads|p suojeb 000} . dund . y
Jod poaguiz o1 spunod pinby :
=(oga/#)
16403984 Uo|55|W B RS | ' qunssay
I odeise s  opeg
1230189 yusa peeuadeip pinby) & —. Q
p480qUQ 2191424 ,
pauingad ]
“dodea gbuiiaiy
juegobieo
dwnd joseyy
16]66¥%
aosuads|p 1u9A
(9g3/#2v0) | r<
Rouzoyya A0 %66 \ ameal]
suojssIug JojsuBl| N
| (ogar# 20'0 ) 40s89004d yaym
Suo|SSIlg 9PN
(oga/# Gr0)
suojssig washg

%L V6
Rougioyya waqshg




Jod pa3apuz 9H gpuno \pd pinbi
=(oga/#) | ,

16407984 Uoiss|ig

paguads|p guoj|eb QQQ%  dwnd , . R Kluoswa3she 36)8se,

24nsg9.4]
onels

9bri0qe

ﬂ 4 juel

d
4948jue) yuws pesuads|p pinby| %K
pig0quUQ 219|424

pouangos | al
_4o0dea sbujaay
. jueqobieo
dwnd |98Rilg
16/668, .

d29uadep

(oga/¢zro)
Rouzjoyyd JANO %66
sUo|sg|Wi Jojsued|

(ogar# 200)
suo|gsiug aA131bn4

(ogw#+v0)
guolgsiy waiehg
%36
Rouajoyyq wagehs






